The formation of ascites and edema by patients with chronic liver disease can be controlled by rigid dietary sodium restriction (1) (2) (3) (4) (5) . When sodium is administered, ascites formation re-commences while sodium excretion usually remains minimal. These facts have not yet been integrated with the factors usually considered contributory to the formation of ascites and edema, viz.: elevated portal pressure (6, 7) , reduced serum albumin concentration and colloid osmotic pressure (8) (9) (10) (11) (12) , increased anti-diuretic activity (13) , altered membrane permeability (4, 14) , or altered renal tubular function (15) . However, whatever the pathogenetic factors operating, fluid retention is readily conditioned by the sodium content of the diet.
The observations reported here concern patients with cirrhosis of the liver with ascites and edema in whom the alterations in electrolyte and water balance attributable to abdominal paracenteses and to sodium chloride administration and restriction were studied under controlled conditions of food, water, and sodium chloride intake. 
MATERIALS AND METHODS
Seven patients with chronic advanced cirrhosis of the liver with edema and ascites requiring paracentesis were selected for study. The diagnosis in each case was established by history, physical examination, and laboratory tests of liver function. Six of these patients who were chronic alcoholics presented the classical findings of cirrhosis of the liver. No predisposing factor could be established in the seventh patient (H.O.). The clinical data of these patients are given in Table I .
The patients were studied on the Thorndike metabolic ward and were ambulatory. They were maintained on a constant basal diet which provided 75 grams of protein and at least 2800 calories daily.4 This diet contained 10 mEq. of sodium and 104 mEq. of potassium by analysis.
Five of the patients (R. K., W. C., H. O., B. K., and B. B.) were initially observed for from two to four weeks during which 103 mEq. of sodium (6.0 Gm. sodium chloride) were added to the basal sodium restricted diet. In addition, W. C. was studied during a subsequent threeweek period while receiving 51.5 mEq. of added sodium. After this initial period, the supplemental sodium was stopped, and the observations continued for two to three months on the sodium restricted diet (10 mEq. daily). Patients J. G. and C. M. were maintained on sodium restricted regimens throughout their studies.
The patients were weighed at the same time each day under constant conditions. Daily fluid intakes were recorded and maintained relatively constant throughout each study. Total daily urine outputs were measured and suitable aliquots taken for determination of sodium and potassium. Serial measurements of hematocrit and serum sodium were made; frequent determinations were done in the immediate pre-and post-paracentesis periods.
The blood specimens were obtained without stasis from an antecubital vein four hours after breakfast and following a one-hour period of bed rest. Abdominal paracenteses were executed when indicated. The volume of fluid removed was measured, and its sodium content determined. Daily clinical estimates were made of the (19) (20) (21) (22) (23) .
Bromsulphalein retention was measured 45 minutes after the intravenous injection of 5 mg. of the dye per kilogram of body weight (24) . Serum albumin concentration was determined by an immunological method which utilized antihuman albumin horse serum (25 The solid diagonal line indicates the "theoretical" body weight gain expected with the isotonic retention of sodium added to the basal diet. The dashed line indicates the "theoretical" increase in urine volume expected upon withdrawing sodium from the diet. , Figure  1 ). A similar relationship was observed in W. C.
( Table II) while he ingested 51.5 mEq. of sodium dailr in 'addition' to the basal 'diet.
B. Physiologic alterations attributable to paracentesis These observations were made while the patients continued to ingest relatively constant fluid intakes, and diets consta;nt in caories, nitrogen and sodium content to which 103 mEq. of sodium chloride were added daily, except in the case qf C. M. who was maintained on a sodiuim reatpcted regimen. Table III) increased rapidly. The amount of weight increase exceeded the weight gain expected if the ingested sodium was retained isotonically with water. C. M. also -displayed a rapid weight gain while on a sodium restricted regimen. This alteration in body'weight following paracentesis was not observed in H. 0. and W. C. (Table III) (Table IV) . Progressive increases in hematocrit were noted in those patients in whom repeated paracenteses were necessary at intervals of several days (R. K., J. G., Table IV ). These rapidly occurring alterations in hematocrit observed over short periods of time indkate (as- suming constant red cell mass) reductions of plasma volumes occurring after paracentesis. These reductions of plasma volume occurred in some cases while edema fluid was rapidly decreasing in dependent areas. In no instance did the hematocrit fall below the control value in this postparacentesis period. Hematocrits often returned to pre-paracentesis levels in four to eight days following paracentesis, but occasionally remained elevated for longer periods.
II. Sodium Chloride Restriction A. Sodium and water balance
After the periods of sodium ingestion, the added sodiun chloride was withdrawn and the basal diet continued. During the initial two to three week period of sodium restriction, accumulation of ascites was abruptly halted and no patient gained appreciable weight except during the first several *days after paracentesis as descnrbed above. Urine volumes increased by amounts approximating the daily weight gains observed during pericds of sodium ingestion and ranged from 467 ml. per day to 793 ml. per day, with an average of 680 ml. for all patients. This close relation between the rate of weight gain during sodium ingestion and the increases in urine volume resulting from withdrawal of sodium from the diet is indicated in Figure 1 and Table II. These patients excreted only 0.6 to 3.1 mEq. of sodium in the urine daily, regardless of sodium intake. Losses of sodium in the feces in the absence of diarrbea are small and are affected little by marked changes in sodium intake (19) . Fecal and sweat losses of sodium were assumed to be 10 mEq. daily (19) (20) (21) (22) (23) . It is possible that sweat losses of sodium were even less than estimated since patients with ascites and subjects on a sodium restricted regimen have reduced sweat sodium concentrations (20, 23, 27) . In contrast to the relatively small amount of the daily sodium intake excreted in the urine, stool and sweat, large losses of body sodium occurred at times of abdominal paracenteses, since the sodium content of the ascitic fluid removed approximated the so-dium concentration of the serum. These large losses of sodium entailed by a paracentesis amounted to from 1142 mEq. to 2678 mEq. Calculations of approximate sodium balances, taking into consideration the losses entailed by paracentesis, indicate that the patients studied are in approximate sodium equilibrium (Table V) (Figures 2, 3, 4) . The degree of post-paracentesis hyponatremia and the time at which it occurred may be related to the amount of peripheral edema available for mobilization and to the rate of expansion of the ascites. Some patients with massive edema were less likely to display a decrease in serum sodium concentration following paracentesis than those with little or no edema. The relation of hyponatremia to the other physiologic alterations occurring immediately following paracentesis is discussed below.
C. Prolonged sodium restriction
Six patients were further studied in the hospital for periods of 60 to 90 days during which the diet rigidly restricted in sodium content was continued. The need for paracentesis was alleviated by continuing the diet providing 10 mEq. of sodium daily. Body weights remained the same or increased slowly but ascites and edema did not reaccumulate. Concurrently, there was gradual improvement in their clinical nutritional status, and in most instances the concentration of albumin in the serum increased. In three patients (R. K., Figure 2 ; B. K., Figure 3 ; and H. 0.) serial hematocrits progressively decreased to values well below those observed early in the studies or immediately following paracentesis. These alterations in hematocrit were paralleled by changes in hemoglobin concentration, so that they could not be attributed to changes in the size of the red blood cells; nor could they be accounted for by blood loss (guaiac tests on all stools were negative). Serial measurements of serum sodium concentrations in these three patients tended to rise with the continued control of ascites formation by dietary sodium restriction. As the hematocrit gradually decreased and the serum albumin and serum sodium values approached the normal range, there occurred a significant increase in the urinary excretion of sodium. This was most marked in patients R. K. (Figure 2) and B. K. (Figure 3 ) who underwent diureses with losses of weight and excretion of up to 70 mEq. and 85 mEq., respectively, daily, although only 10 mEq. was being ingested. The time at which significant quantities of sodium appeared in the urine following the institution of the low sodium diet varied from about two to eight weeks.
During a final period of study in patient B. K. (Figure 3 ) 103 mEq. of sodium were again given in addition to the basal diet. In contrast to the initial period of study, gain in body weight did not occur and a quantity of sodium approximating that ingested was excreted in the urine. The marked increase in the excretion of sodium in the urine which occurred after the ingestion of sodium was not associated with alteration in the level of urinary potassium excretion.
Two of the patients (J. G., Figure 4 and B. B.) failed to excrete sodium in the urine during 80 and 40 days of observation, respectively. In these instances the serum sodium concentrations were consistently low, and in the case of J. G. the hematocrit increased following paracentesis early in this study and remained above the initially observed values. The hematocrit in B. B. generally tended to decrease, but this is not possible to interpret since her course was complicated by intermittent episodes of mild to moderate gastro-intestinal bleeding.
No untoward effects were observed in the patients during the prolonged periods of dietary sodium restriction. The incidence of cramps in the legs and fingers was less during the salt restriction periods than when sodium was provided and frequent paracenteses were necessary.
DISCUSSION
Immediately after paracentesis the following phenomena were observed: a rising hematocrit, rapidly expanding ascites, a decrease in peripheral edema, reduction in urine volume, no change in the minimal urinary sodium excretion, and hyponatremia. These observations can be explained by a rapid transudation of fluid from the circulating plasma into the peritoneal cavity following the reduction of intra-abdominal pressure after paracentesis. Mobilization of edema fluid is attributable to reduction in femoral venous pressure which occurs following paracentesis (7). The post-paracentesis hemoconcentration is accompanied by oliguria and water retention (antidiuresis). Since sodium balance remains unchanged following paracentesis (constant intake and unchanged minimal excretion), the water retention in the immediate post-paracentesis period results in dilution of extracellular fluid and hyponatremia. The retention of water without physiologically equivalent quantities of sodium at this time is corroborated by gains in body weight which were in excess of those expected if sodium was being retained isotonically. That this retention of water may be great enough to produce a symptomatic hyponatremia following paracentesis has been reported (28) .
The prevention of the accumulation of ascites and edema by dietary sodium restriction was accompanied in several patients by gradual, but progressive, reductions in hematocrit and increases in serum sodium concentration. When the serum sodium concentration increased to or near to normal, excretion of sodium in the urine recommenced. The source of the sodium for the observed rise in serum sodium concentration, which has also been reported by others (27) , in the face of progressive hemodilution, is not clear especially since these patients were on a diet virtually free of sodium.
An intracellular exchange of sodium for potassium may be postulated such as usually is expected following rehydration (29, 30, 31) . However, potassium balance failed to become more positive during this period in the one patient so studied (B. K., Figure 3) . Thus, the data, at present limited, do not substantiate this interpretation. Secondly, it is possible that the sodium diuresis may be preceded by a water diuresis. That this may occur is supported by observation of two patients with cirrhosis and ascites who had an initial hyponatremia and who spontaneously underwent a diuresis. These patients displayed increases in serum sodium concentration and losses in body weight prior to the appearance of increases in urinary sodium excretion, suggesting that a diuresis of water preceded that of sodium (32) .
The changes observed during prolonged dietary sodium restriction may be related to improvement in liver function and in general nutritional status attributable to the prolonged administration of a nutritious diet (33) , the control of ascites formation and the relative degrees of inactivity necessarily accompanying periods of hospitalization.
The results of the present study indicate that abdominal paracentesis leads to a reduction in plasma volume and that repeated paracenteses may result in a chronic state of hemoconcentration and of hyponatremia. Although this interpretation of the data does not explain the genesis of ascites and edema in patients with severe liver disease, it is possible that the initial formation of ascites and edema may lead to a decrease in plasma volume similar in mechanism to that which develops acutely following paracentesis. This would imply that elevated portal pressure and hypoalbuminemia first lead to transudation of fluid from the circulating blood into the peritoneal cavity. The resulting decrease in plasma volume might then provide the stimulus for the appearance of increased antidiuretic activity (34, 35) , and for the renal conservation of sodium (36, 37) . The findings of increased antidiuretic activity (13) and decreased quantities of sodium (2) (3) (4) (5) in the urine would then be physiologic homeostatic responses. That this may be the case is supported by evidence that patients with liver disease metabolize normally endogenous or physiologic doses of exogenous posterior pituitary hormone (38) (39) (40) , and by the observations in the present study that progressive decreases in hematocrit preceded the onset of a diuresis. The validity of the hypothesis that the effective plasma volume5 is reduced in patients with cirrhosis of the liver and ascites awaits the development of methods for making this measurement accurately, particularly in patients with alterations in their plasma proteins, and in their portal vascular beds.
SUMMARY AND CONCLUSIONS
The effects of sodium chloride administration and restriction and of abdominal paracentesis on electrolyte and water balance were studied in seven patients with cirrhosis of the liver and ascites.
During periods of sodium chloride ingestion, ascites and edema accumulated at a rate approximating that expected if the salt was retained isotonically. When a diet restricted in sodium was provided subsequently the accumulation of fluid was abruptly halted, and daily urine volumes increased by amounts approximating the daily weight gains previously observed during periods of sodium ingestion. With continued dietary sodium restriction improvement in clinical nutritional status, a progressive rise in the serum albumin and sodium concentrations and fall in hematocrit usually occurred. Gradual diuresis with loss of ascites and edema was found to accompany these changes.
Immediately following abdominal paracentesis sodium was not retained isotonically in some patients. Water was retained in excess of salt. This phenomenon is explained as follows: After paracentesis hemoconcentration occurs. The patient responds to this by antidiuresis. Since sodium is already being maximally retained, the resulting water retention contributes to hyponatremia which is most marked following paracentesis.
The studies presented suggest that the effective systemic plasma volume is decreased in patients with cirrhosis of the liver and ascites who have had repeated paraeenteses; and that the increased antidiuretic activity and the decreased sodium content of the urine of these patients may be, in part at least, the result of homeostatic responses initiated 5 Systemic plasma volume, exclusive of that contained in the portal vascular bed.
by abdominal paracentesis, and also possibly by the initial formation of ascites.
